The NPs are not charged, and they have a weight fraction of 29.5% of Fe 3 O 4 (thermogravimetric analysis, TGA). The NP system does not contain free polymer.
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For the experiments, the NPs have been dispersed at different 20 concentrations, either in Milli-Q Millipore water (specific resistance of 18.2 MΩcm) or in chloroform (HPLC grade).
Surface Pressure -Area isotherms
The pressure-area isotherms have been measured with a 25 Langmuir trough system equipped with one (or two) moving barriers. The setup included a surface pressure microbalance with filter paper Wilhelmy plate. The results were plotted as surface pressure (π) versus the area per molecule (in respect to the DPPC molecules). The bare water surface was proved to be clean by 30 compression before each measurement. The temperature of the Milli-Q Millipore water subphase was maintained at 20 °C by using an external thermostat. Pressure/area (π/A) isotherms were recorded during monolayer compression on a computer-interfaced Langmuir trough (R&K, 35 Potsdam, Germany). Each measurement was repeated at least 2 times to prove the reproducibility of the results. In order to avoid dust contamination of the interface and to ensure a constant humidity, the Langmuir trough was placed in a sealed box. The mixed DPPC-NPs Langmuir layers have been prepared by 40 co-spreading at the air/water interface chloroform solutions of DPPC (0.8 mM) and NPs (0.73 mg/ml) in a volume ratio of 2:1, respectively. Thus, the ratio of the two components is: 3.33 × 10 3 DPPC molecules per NP.
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Total reflection X-ray fluorescence (TRXF)
In situ total reflection X-ray fluorescence measurements at the air/water interface were performed at the beamline BW1, HASYLAB, DESY, Hamburg, Germany. The synchrotron X-ray beam was monochromized at a photon energy of 14.2 keV by a Si 50 (111) double monochromator. The beam was deflected from the horizontal plane by a gold-coated mirror. This beam touches the liquid surface at an incidence angle of 0.075° that is 80% of the critical angle of total reflection for the water surface. A scintillation (NaI) detector for the reflected X-ray beam was used 55 for the height adjustment of the liquid surface. The fluorescence signal was measured by a Peltier-cooled VORTEX silicon drift detector (SDD) with an entrance window placed parallel to the liquid surface. The axis of the incident beam and the view directions of the NaI and the SDD were lined up so that they 60 crossed at the same point. The surface of the liquid was moved to this point before each measurement of the fluorescence signal. Part of TRXF measurements was performed at the beamline ID10B at ESRF, Grenoble, France. The synchrotron X-ray beam coming from the undulator was monochromized at a photon 65 energy of 22.5 keV by a double crystal monochromator using symmetric Bragg reflection (220) from two diamond crystals. X-ray fluorescence is an element-specific technique which permits the identification of elements due to their characteristic fluorescence spectra.
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The grazing incidence angle of the X-ray limits the penetration 90 depth to approximately 8 nm. The fluorescence signal arises therefore from elements enriched at the surface and is much less sensitive to contributions from the diluted bulk solution.
Grazing incidence X-ray diffraction (GIXD)
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The grazing incidence X-ray diffraction measurements were carried out at the undulator beamline BW1 using the liquid surface diffractometer at HASYLAB, DESY (Hamburg, Germany). The experimental setup and evaluation procedures are described in detail elsewhere.
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The setup is equipped with a temperature controlled Langmuir trough (R&K, Potsdam, Germany), which is enclosed in a sealed, helium-filled container. The synchrotron X-ray beam is monochromized to a wavelength of 1.304 Å and is adjusted to strike the helium/water interface at a grazing incidence angle α i = 
AFM measurements
Atomic force microscopy (AFM) was used for the 
Brewster angle microscopy (BAM)
The morphology of the monolayer was imaged with a Brewster angle microscope, model BAM2plus from NanoFilm Technologie (Göttingen, Germany), equipped with a miniature 35 film balance from NIMA Technology (Coventry, UK), both mounted on an antivibration table. The microscope was equipped with a frequency-doubled Nd:YAG laser (532 nm, ~50 mW), a polarizer, an analyzer, and a CCD camera. When p-polarized light is directed onto the pure air/water interface at the Brewster 40 angle (~53.1°), zero reflectivity is observed. The presence of a monolayer causes light to be reflected because of the changed refractive index of the surface layer, which is then registered by the CCD camera after passing the analyzer. BAM images of 355 × 470 µm 2 were digitally recorded during compression of the 45 monolayer. The lateral resolution was ~2 µm. Infrared Reflection Absorption Spectroscopy (IRRAS) Infrared reflection absorption spectra [9] [10] [11] [12] have been recorded using the IFS 66 FT-IR spectrometer (Bruker, Germany), equipped with a liquid-nitrogen cooled MCT detector and 50 coupled to a Langmuir film balance, which was placed in a sealed container to guarantee a constant vapor atmosphere. Using a KRS-5 (thallium bromide and iodide mixed crystal) wire grid polarizer, the IR-beam was polarized perpendicularly (p) or vertically (s) and focused on the fluid subphase at an angle of 55 incidence of 40°. A computer controlled "trough shuttle system" 13 enables us to choose between the sample (subphase with spread layer) and a reference (pure subphase). The single-beam reflectance spectrum from the reference trough was taken as background for the single-60 beam reflectance spectrum of the monolayer in the sample trough to calculate the reflection absorption spectrum as -lg(R/R 0 ) in order to eliminate the water vapor signal. FTIR spectra were collected at a resolution of 8 cm -1 using 200 scans for s-polarized light and 400 scans for p-polarized light. 65 All the experiments were performed at a temperature of the subphase of 20 °C. 
GIXD tables
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